Background-Despite having fewer risk factors for atrial fibrillation (AF), white patients have a greater prevalence of AF in the community than black patients, and a genetic basis has been postulated. However, it is unknown whether occurrence of new-onset AF after cardiac surgery is different in white versus black patients, and secondarily, other non-Caucasian patients. Methods and Results-From 1995 through 2005, 20 282 white, 1323 black, and 1919 other non-Caucasian patients in sinus rhythm underwent coronary artery bypass grafting with or without valve surgery. To adjust for clinical and socioeconomic confounders, we performed propensity-adjusted analyses; 7093 white patients (35%) had postoperative AF, compared with 255 (22%) black patients and 550 (29%) other non-Caucasians (PϽ0.0001). Whites were older than black patients, had higher socioeconomic position, and greater left atrial size but were less likely to have hypertension or congestive heart failure. In 847 propensity-matched patient pairs, postoperative AF occurred more frequently in white than in black patients (odds ratio, 1.74; 95% confidence interval, 1.7-1.78). Other than higher occurrence of bradycardia requiring pacing and reintubation in white patients, occurrence of other postoperative complications, hospital mortality, and length of postoperative stay were similar. Age and valvular surgery were the strongest predictors of AF irrespective of race. Conclusions-White patients had a markedly higher risk of postoperative AF than black and other non-Caucasian patients.
A trial fibrillation (AF) after cardiac surgery affects up to 50% of patients and, similar to AF outside the perioperative period, is associated with increased morbidity, mortality, and costs. 1, 2 A substantial and consistent body of evidence demonstrates a low prevalence of nonsurgical AF in black patients despite their having multiple arrhythmic risk factors. [3] [4] [5] [6] However, these studies could be confounded by differences in access to medical care and lower socioeconomic position (SEP) that might reduce detection of AF. 7, 8 Recently, a lower occurrence of AF was observed in black patients undergoing coronary artery bypass grafting (CABG), a time when AF detection may be less biased by medical access issues. 9 Objectives of this study were (1) to compare the occurrence of postoperative AF after cardiac surgery in black patients with that of propensity-matched white patients, (2) to further define adjusted risk for postoperative AF in Asians, Hispanics, and Native Americans, (3) to compare postoperative arrhythmic and nonarrhythmic complications, such as heart block, ventricular arrhythmia, renal failure, myocardial infarction, stroke, hospital mortality, and length of hospital stay of matched white and black patients, and (4) to identify predictors of postoperative AF in black patients. To fulfill these aims, we studied a large prospectively followed patient cohort and used propensity matching with adjustment for important socioeconomic differences between patient groups.
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Methods Patients
Race was self-reported in the categories white, black, Hispanic, Asian, Native American, or other. Although the category of other race is not further defined, a large proportion of this group represents patients from the Middle East. Patients whose race was unknown were excluded from the analysis, as were patients with incomplete SEP data, incomplete preoperative medication data, and those not in sinus rhythm at time of surgery. Thus, 21 458 individuals were available for propensity-adjusted analyses, with 20 282 white, 1176 black, and 23 625 white, and 1323 black and 1919 non-Caucasians for unadjusted analyses (patients without SEP data included, Figure  1 ). Because the 2 most common races represented in the study were white and black, we focused adjusted analyses on these racial groups.
Patients were predominantly male (71%) and white (88%) and most frequently underwent isolated CABG (68%). There were clinically important differences in the clinical characteristics of white and black patients, many of which are established risk factors for AF and would favor increased occurrence of AF in blacks (Table 1) . There was no prophylactic amiodarone use.
Patient Data
Epidemiological, cardiac, and noncardiac comorbidity data and procedural data were obtained from the Cleveland Clinic Cardiovascular Information Registry, a prospective cardiovascular database, and our echocardiography database (online-only Data Supplement E-Appendix A). Our institutional review board approved use of these data for research with requirement for individual written patient consent waived.
SEP Data
We obtained SEP data from the 2000 US census, 10 which provides block data from approximately 1000 residents to estimate individual SEP. Census blocks typically follow street or natural border lines and do not cross county borders. Six measures of SEP were considered: median household income, median value of housing unit, proportion of households receiving interest, dividend or rental income, propor-tion of adults Ն25 years who graduated from high school, proportion of adults Ն25 years who completed college, and proportion of adults Ն16 years with an executive or managerial occupation. A Z-score for each measure was calculated by subtracting US population mean and then dividing it by its standard deviation; these scores were used for analyses.
Definition and Ascertainment of Postoperative AF
Postoperative AF was defined as any episode of AF or atrial flutter requiring medical treatment or electric cardioversion after surgery and before hospital discharge. This definition is consistent with that of the Society of Thoracic Surgeons national cardiac database, with the exception that patients with history of AF but in sinus rhythm at time of surgery were included in the study (http://www.ctsnet.org/ file/rptDataSpecifications252_1_ForVendorsPGS.pdf, page 126). AF was detected by continuous telemetry monitoring throughout the hospital stay.
Postoperative Complications
We compared occurrence of the following adverse events after cardiac surgery in the propensity-matched cohort: renal failure, defined as rise of creatinine level Ͼ2 mg/dL and/or a 2-fold increase over preoperative levels, development of pulmonary edema from heart failure, reintubation due to respiratory failure, pacemakerdependent bradycardia or complete heart block, ventricular arrhythmias, cardiac arrest, stroke, hospital death, and length of stay.
Statistical Analysis
Propensity Score Modeling
Propensity score-adjusted analyses can create comparison groups with balanced covariates and therefore randomized trial-like conditions in observational studies. 11 Such analyses are specifically helpful for situations in which exposure cannot be randomized, such as race. The caveat and major difference with randomized experiments is that only measured and closely related unmeasured variables are adjusted for. We calculated the propensity of black race group membership as a score between 0 and 1 from a saturated logistic regression model with 66 variables (online-only Data Supplement E-Appendix A). Nonlinear relationships of continuous patient variables with black race were relaxed using restricted cubic spline transformation. To identify the most influential predictors of race, stepwise variable selection with 1000-fold bagging (ie, variables are selected from 1000 bootstrap samples of the original data) 12 for improved model stability was used (online-only Data Supplement E-Appendix B). Because of the apparent colinearity of SEP measures, we conducted a cluster analysis, which chose the most common constellation of 6 SEP measures (online-only Data Supplement E-Appendix B). The propensity model had a C-statistic of 0.91, indicating excellent model fit to the data. Hosmer-Lemeshow goodness-of-fit test indicated model fit (probability value of 0.4). The propensity score was logit-transformed and used for propensity matching and propensity-adjusted logistic regression.
Adjusted Analyses
Patients with similar propensity scores (60% of the standard deviation) 13 underwent 1:1 greedy matching (ie, patients with most similar propensity scores are matched first) without replacement. Propensity score distribution of 20 282 white and 1176 black patients allowed for 847 white patients to match with 847 similar black patients. To evaluate covariate balance between racial groups, we compared standardized differences of those variables that most accurately discriminated between white and black race, before and after propensity matching ( Figure 2) . A hypothetical confounder, which increased the probability value of the association between white race and occurrence of postoperative AF beyond 0.05, was investigated in the propensity-adjusted cohort (ie, sensitivity analysis). Matched black patients showed substantial differences compared with un- 
Racial Distribution of Postoperative AF
Occurrence of postoperative AF in Hispanic, Asian, and Native American patients was compared with that of white and black patients and relative risk reported. Odds ratios for all racial/ethnic subgroups were adjusted for independent predictors of AF from our study. 2 Statistics were used to compare occurrence of postoperative AF and postoperative complications in propensity-matched analyses.
Predictors of Postoperative AF in Black Patients
To study risk factors for postoperative AF in 1176 black patients, we applied stepwise logistic regression with 1000-fold bagging. Predic-tors that were retained in greater than 50% of bootstrap models were selected for the final model. 12 For comparison, we identified risk factors in the predominantly white cohort with identical methods (online-only Data Supplement E-Appendix D). We studied the interactions between race, age, and left atrial size in a conditional (ie, stratified) plot for the probability of postoperative AF.
Presentation
Continuous variables are summarized by means and standard deviations or median and 25th and 75th percentiles if skewed and compared with a 2-tailed Student t test or Whitney-Mann U test, respectively. Categorical variables are summarized by frequencies and percentages and compared with 2 statistics (Table 1) . SAS version 9.2 (SAS Institute Inc, Cary, NC) and R version 2.9.0 (The R Foundation of Statistical Computing, www.r-project.org) were used for statistical analyses.
Results
Of 20 282 white patients, 7093 (35%) had AF after surgery, compared with 255 (22%) of 1176 black patients and 550 (29%) other non-Caucasians (PϽ0.0001). Occurrence of postoperative AF varied with surgery complexity. Patients undergoing mitral valve and combined surgeries had the highest occurrence of AF, while those undergoing isolated bypass surgery the lowest. Black patients had a lower occurrence of postoperative AF in all surgical subgroups (Figure 3 ). Among all racial/ethnic groups, white patients experienced by far had the most new-onset postoperative AF, and other races had similar substantially lower prevalence ( Table 2) . Multivariable adjustment identified only white and black race as independent racial predictors of AF (Figure 4) .
Of 847 propensity-matched white patients, 229 (27%) had postoperative AF compared with 188 (22%) of 847 black patients (odds ratio [OR], 1.74; 95% confidence interval [CI], 1.7-1.78). Propensity-adjusted logistic regression of all patients confirmed this result (OR, 1.46; CI, 1.23-1.72).
To explain the increased risk of postoperative AF in white patients, sensitivity analysis demonstrated that a hidden confounder had to change the odds of AF by 42%.
Among all racial/ethnic groups, white patients by far had the most new-onset postoperative AF, and other races had similar substantially lower prevalence ( Table 2 ). Multivariable adjustment identified only white and black race as independent racial predictors of AF (Figure 4 ).
Postoperative Complications
Propensity-matched black and white patients had similar rates of occurrence of postoperative ventricular tachycardia, renal failure, pulmonary emboli, cardiac arrest, stroke, and inhospital death. Postoperative bradycardia requiring temporary or permanent pacing was more common in white patients, independent of AF occurrence. There was a higher rate of venous thromboses in black patient with AF, but in those without AF. However, length of stay was similar in white and black patients but as expected differed significantly between patients with versus without AF ( Table 3 ).
Predictors of Postoperative AF in Black Patients
We identified older age, aortic or mitral valve replacement, more perioperative red blood cell transfusions, more remote surgery date in the registry, and preoperative use of intravenous nitroglycerin as independent predictors of postoperative AF in black patients (Table 4 ). With the exception of intravenous nitroglycerin use, all of these variables were also predictors of AF in the predominantly white overall cohort (online-only Data Supplement E-Appendix D). Figure 5 demonstrates that the probability of postoperative AF increases with age regardless of the patient's race or left atrial volume. The curves are shifted in a near-parallel fashion in black and white patients, indicating that interactions between atrial size and race do not appear to be clinically meaningful.
Discussion
Using a propensity score-adjusted analytic approach, we observed a markedly higher occurrence of postoperative AF in white compared with black patients. With this largest study of racial differences in postoperative AF, we add to the growing body of evidence that suggests a predisposition to AF among white patients compared with other races. Occurrence of postoperative complications, including hospital mortality, as well as clinical and procedural risk factors for postoperative AF appear to be similar in white and black patients, with older age and valve surgery being the most important predictors of AF.
Racial Differences of AF Occurrence
Racial differences in the occurrence of AF after cardiac surgery are incompletely studied and poorly understood. However, a series of observational studies has shown lower prevalence of nonsurgical AF in black patients. Afzal et al 3 and Ruo et al 4 described approximately 2-fold higher prevalence of AF in white patients with heart failure. Borzecki 5 and Go 6 made similar observations in 664,754 veterans and 1.89 million enrollees of a large health insurance provider, respectively. These studies specifically excluded postoperative AF. 6 In the study of Nazari et al, 9 racial/ethnic subgroups of nonwhites undergoing CABG showed a similar risk for postoperative AF, although individual patient numbers in those groups were small and their results were not adjusted for procedural or clinical confounders.
Such observations are counterintuitive given the high prevalence of known clinical risk factors for AF in black patients, such as hypertension, obesity, and heart failure. 15, 16 Some have argued that ascertainment bias from poor access to health care 8 and low awareness of AF 17 may contribute to false low prevalence of AF in black subjects; such bias plays less of a role in our study. Interestingly, black patients also have higher rates of stroke. However, Singh et al 18 showed that black patients had more lacunar and fewer thromboem- bolic strokes, which could be an indicator of more prevalent or severe hypertension, rather than more AF in black patients.
Genetic Determinants and Racial Differences in AF
Several rare familial forms of AF 19, 20 and single-nucleotide polymorphisms (SNPs) identified by genome wide association studies in lone AF have been identified, [21] [22] [23] suggesting that a genetic predisposition for nonsurgical AF is plausible. Body et al demonstrated that 2 SNPs, located on gene 4q25 predict postoperative AF after CABG with or without valve surgery. 24 Although the functional impact of these SNPs is unknown, they are in close proximity to PITX2, a gene responsible for the development of the pulmonary veins, a frequent source of AF triggers. Thus far, these studies have largely been conducted in white patient populations.
Recently, in a meta-analysis of 1747 ancestry informative markers from patients enrolled in the Atherosclerosis Risk in Communities (ARIC) study and the Cardiovascular Health Study (CHS), Marcus et al 25 demonstrated that European ancestry is an independent risk factor for prevalent AF in black outpatients. The adjusted hazard ratio was 1.17 (95% CI, 1.07-1.29) for each 10% increase in European ancestry informative markers. These findings demonstrate a genetic basis for the observed differences in AF prevalence and are consistent with our observations on the occurrence of postoperative AF.
Other Potential Mediators for Racial Differences in AF
Left atrial size is an established risk factor for postoperative and nonsurgical AF. 26, 27 A recent study suggested that smaller atrial size in black patients may contribute to a lower AF prevalence. 28 In our study, atrial size was smaller in black subjects despite a higher prevalence of hypertension and heart failure ( Table 1) . Their left atria may be less likely to increase in size as response to elevated pressure than those of white subjects. However, because AF was less frequent in black subjects despite almost identical atrial size in propensitymatched white subjects, and because the interaction between race and atrial size was small (Figure 4) , differences in atrial size alone cannot explain our results.
Racial Differences of Postoperative Complications
Surgical complication event rates were low in our study, limiting the power to detect differences. However, complication rates appeared to be similar in black and white patients. The occurrence of less bradycardia in black patients, but equal occurrence of complete heart block might indicate a greater degree of sinus node dysfunction or a higher vagal tone in white patients, both known markers of nonsurgical AF. A greater occurrence of cardiac arrest in black patients did not affect overall hospital mortality, which may be in part related to fewer respiratory complications in our study. Interestingly, despite lower occurrence of postoperative AF and other complications, length of stay was similar in black and white patients, which may be due to non-health-related (eg, social) factors. However, length of stay was longer in patients who developed AF compared with those who did not, irrespective of race.
Risk Factors of Postoperative AF in Black Patients
Our study demonstrates that although occurrence of AF after cardiac surgery is less common in black patients compared with white patients, clinical risk factors for AF appear to be comparable (Table 4 ). Older age is associated with higher degree of fibrosis and left atrial remodeling, leading to the electrophysiological substrate leading to AF. 29 The protective effect of preoperative intravenous nitroglycerin infusion against postoperative AF may be related to a reduction of pulmonary capillary wedge pressure, 30 decreased reperfusion injury, or to anti-inflammatory effects. 31, 32 Mitral and aortic valve replacement were strong predictors of postoperative AF in blacks, probably due to left atrial fibrosis and remodeling from valve disease. 33, 34 Inflammation caused by direct manipulation during surgery must be considered as well. The association of perioperative blood transfusions with postoperative AF has been previously established 35 and may be related to a triggered inflammatory response.
Limitations
Although we adjusted for many clinical and procedural characteristics, hidden confounders cannot be excluded. Our study results represent the experience from a single tertiary referral center. The proportion of black patients was relatively small and patients may be somewhat selected. However, socioeconomic position data showed expected disparities, and we controlled for these. Because reoperations were excluded, event rate of secondary surgical complications may have been lower than expected and power to detect differences between black and white patients may have been limited despite the large patient number included in our study.
Conclusion
In propensity-adjusted analyses, white patients had significantly higher occurrence of AF after cardiac surgery compared with black patients and non-Caucasian races/ethnicities. Although the causes of this difference in postoperative AF are unclear from our results, genetic predisposition for the development of postoperative AF should be considered and further studied. Racial differences in arrhythmic risk may also influence decision-making about application of prophylactic interventions against postoperative AF.
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